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(57) A process for producing sputtering targets, 
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high-melting substance having a melting point of SOCC 
or above with a powder of a low-melting metal having a 

FIGURE 1 



melting point of 700°C or below at a temperature below 
the melting point of the low-melting metal under heat 
and pressure. 
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Description 



TECHNICAL FIELD 



The present invention relates to a process for producing composite sputtering targets composed of a high-melting 
substance and a low-melting metal. 



BACKGROUND ART 



In recent years, sputtering is extensively used for formation of thin films, and composite targets composed of at 
least two components are demanded to provide in thin films with high performance and/or high value added. 

Sputtering targets have been produced so far by melting, hot pressing and atmospheric pressure sintering. How- 
ever, when these conventional techniques are employed for production of composite targets composed of a high-melt- 
ing substance such as a-high-melting metal or ceramic, and a low-melting substance, uniform and dense targets do not 
result because of the phase separatfon due to different densities of the components, the compositional change due to 
the different melting points of the components, exudation of the molter low-melting metal and other problems. 

Although a process in which a mixture of a powder of a high-melting substance with a powder of a low-melting 
metal is molded at room temperature under pressure (Japanese unexamined patent application JP-A-4-323366) is 
known, the process requires high pressures of 1000-3500 kgt/cm2 or above for production of dense targets and is 
unsuitable for production of large targets and mass production. 

Further, since the modeling operation at room temperature under pressure induces residual stress In a target pro- 
duced by the process, sputtering targets produced by the process have a problem of their poor in dimensional stability 
which emerges as a permanent elongation of 0.5-2 % based to on the length of the targets due to thermal hysteresis 
during bonding or film fomiation, and a problem of racking and peeling during sputtering. 

On the other hand, production of dense targets from a mixture of a powder of a high-melting substance with a pow- 
der of a low-melting metal by uniaxial pressing at room temperature, which is usually employed in molding ceramics, 
requires a very large machine which would cost too much to avoid a tremendous increase in the production cost, and 
is, therefore, impractical. 

Therefore, the object of present Invention is to provide composite dense targets composed of a high-melting sub- 
stance and a low-melting metal without using a large machine by an economical process which solves the above-men- 
tioned drawbacks of the prior art. 



DISCLOSURE OF THE INVENTION 



The present invention provides a process for producing sputtering targets, which comprises molding a mixture of a 
powder of a high-melting substance having a melting point of 900°C or above with a powder of a low-melting metal hav- 
ing a melting point 700°C or below at a temperature below the melting point of the low-melting metal under heat and 
pressure. 



BRIEF DESCR IPTION OF DRAWINfi.c ? 



Figure 1 is a graph which illustrates the relationship between the heating temperature and the applied pressure for 
production of targets from a powder mixture comprising Si and Sn in a volume ratio of 50:50. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The high-melting substance used in tiie present invention is a substance having a melting point of 900°C or above 
In particular, the simple body or a compound of at least one element selected from the group consisting of Zr. Ti. Ta. Hf 
Mo. W. Nb. La. Si. Ni. C. B and Or is preferred because they are a practical materials for film formation by sputtering! 
As the compound, oxides, carbides, nitrides, borides. silicides. sulfides, chforides, fluorides and various salts are men- 
tioned. 

The low-melting metal used in tiie present invention is a metal having a melting point of 700°C or below. In partic- 
ular, a metal containing at least one metal selected from the group consisting of In. Sn. Zn and Al is preferred, because 
they are practical materials for film formation by sputtering and easy to handle by virtue of their chemical stability Typ- 
ical low-melting metals are In, Sn, Zn and Al (melting points Ise'^C, 232°C, 420°C. 660'»C, respectably). A metal having 
a melting point of 250<»C or below such as In and Sn is particularly preferred. An alloy containing In, Sn Zn or Al mav 
be used. ' 

As the combination of a low-melting metal and a high-melting substance. In-SI, In-SiOg. In-SnOa, In-MgO, In- 
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GagOa, In-ZnO. Sn-Si. Sn-Ti. Sn-2r, Sn-Cr. Sn-ZrBg. Sn-ZrSlg. Sn-TiSig, Sn-Zr-Si, Sn-Ti-Si, Sn-SiOg. Sn-SiC. Sn-TlOg. 
Sn-SnOg. Sn-lngOs. Sn-ZnO. Sn-CeFa. Sn-LaFg. Sn-AIFg. Zn-Cr. 2n-Si. Zn-AlgOg. Zn-SiOg. Zn-SnOg. Zn-CeOs. Zn- 
Ga203. Zn-ZnS. Al-Si. Al-Cr, AI-AI2O3. Al-Si02. AI-TiOg. AI-TiC. Al-SiC. AI-AI4C3. AI-NaF. AI-CaFa, AI-MgFg or AI-AIF3 
may be mentioned. 

It is desirable that targets produced according to the present invention have a porosity of 20 % or a below, namely 
a relative density of 80 % or above, preferably a porosity of 10 % or below, namely a relative density of 90 % or above 
in order to secure stable discharge during film formation by sputtering and prevent breakage due to insufficient strength. 
In this specification, the porosity and the relative density are represented by equation (1). 

Porosity (%)= (1 -(Bulk density/true density)) x 1 00 (1) 

Relative density (%)=(Bulk density/true density) x 100 

The bulkdensity (g/cm^) is the experimental density calculated from the size and the weight of an actually prepared 
target, and the true density is the theoretical density calculated from the individual theoretical densities of the compo- 
nents. For example, where component A and component B are a vol% and b vol% respectively (wherein a+b=1 00{%) ). 
the true density p(g/cm^) is given by p=:(ap ^-fbp b)/100 wherein PA(g/cm^) is the theoretical density of component a] 
and PB(g/cm^) is the theoretical density of component B. 

Targets produced according to the present invention by molding a mixture of a powder of a high-melting substance 
with a powder of a low-melting metal under heat and pressure are constituted by a mere mixture of the high-melting 
substance with the low-melting metal and do not require chemical bonds between them, unlil^ targets produced by 
conventional processes such as a melting process or processes involving sintering. 

A powder of a low-mefting metal and a powder of a high-mefting substance (hereinafter referred to collectively as 
a raw material powder) are mixed, and then molded into a target under heat and pressure at a temperature below ttie 
melting point of tiie low-melting metal (namely at such a temperature that tiie molter low-melting metal does not exude) 
in the form of a powder mixture or. if necessary, after molded by uniaxial pressing at room temperature. The composi- 
tion of the resulting target is much the same as tiie composition of tiie raw material powder. 

The particle size of the raw material powvder is preferably from 1 to 300 pan. A raw material powder containing par- 
ticles larger than 300 nm is undesirable because tiie resulting target causes abnormal discharge, breaks during sput- 
tering or has an uneven density distribution which leads to a fluctuation in sputtering speed. 

A raw material powder having a particle size below 1 \irr\ is also undesirable because it is difficult to mix uniformly 
and is so poor in moldability to form a brittle molded body or gives a target which is likely to break during bonding with 
a backing plate or during sputtering. 

In production of a target, a raw material powder is mixed homogeneously enough and then heated at a temperature 
below the melting point of the low-melting metal. The heating method is not particularly restricted, and in some cases, 
control of tiie humidity and/or the atmosphere is desired. As ttie pressing mettiod. uniaxial pressing or ottier pressing 
technics may be employed. 

The heating temperature is lower tiian the melting point of the low-melting metal and preferably not lower than 
75°C. At a heating temperature lower tiian 75°C. a high density is hardly attained and a target with insufficient strength 
tends to be obtained, although it depends on the components and conposition. 

Particularly preferred heating temperatures are lower than tiie melting point of the low-melting point metal to be 
used by at most 50°C. 

Witti respect to the pressure applied for molding of a target, a pressure of 1000 kgf/cm^ or below is enough to pro- 
duce a target with a relative density of 90% or above, although it depends on tiie components and the composition of 
the raw material powder to be used. By sitting the heating temperature at a temperature lower than ttie melting point of 
the low-melting metal by at most 50^C, it is possible to lower the pressure to 500 l^/cm^ or below. 

Figure 1 shows the relationship between the heating temperature and the applied pressure in production of a target 
from a powder mixture comprising Si and Sn in a volume ratio of 50:50. Figure 1 indicates that as the heating temper- 
ature approaches the melting point of the low-melting metal, the pressure required to attain a given density decreases. 
For example, with the Si-Sn system (volume ratio 50:50), a relative density of 90 % is attained at 250*»C at about 
150kgf/cm2. 

The time for heating under pressure is preferably from 0 second (not heW) to 300 seconds, although it depends on 
the components used and their compositional ratio. 

A powder of a low-melting metal serves not only as a binder to hold particles of a high-melting substance together, 
but also as a filler to fill the voids between particles of the high-melting substance. In ader to have such actions, a pow- 
der of a low-melting metal preferably constitutes from 20 to 95 vol% of the raw material powder, although it depends on 
the combination of the components and tiie particle size of the raw material powder. In particular, in order to attain a 
relative density of 90 %. which is desirable for a sputtering target, a powder of a low-melting metal preferably constitutes 
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from 35 to 95 vol % of the raw material powder. 

In the specification, vol % is the proportion (percentage) of the volume of each component obtained by dividing its 
weight by its theoretical density. For example, the proportion (vol%) of powder component A in a powder mixture of com- 
ponent A and component B) is given by equation (2). 

5 

Proportion (vol%) of A=(Wa/p^)x100/(Wa/p^+Wb/pb) (2) 

Here Wa and Wg are weights (g) of components A and B. respectively, and pa and pe are the theoretical densities 
{Q/cwr) of components A and B, respectively 
10 Low-melting metals (such as In. Sn. Zn and Al) are so ductile and liable to plastic deformation as to be deformable 
under pressure. Whereas, they require very high pressures at room temperature, whereas they are easy to deform and 
can be molded at a low pressure when heated nearly to their melting points. A powder of such a low-melting metal 
serves not only as a binder to hold particles of a high-melting substance together but also as a filler to fill the voids 
between particles of the high-melting substance to produce targets according to the present invention, and therefore 
15 makes it possible to economically produce dense targets without a large machine. 

Besides, since the molding is carried out under heat and under a low pressure, the resulting target has much less 
residual internal stress as compared with targets with the same density molded at room temperature under a high pres- 
sure. This makes it possible to control the permanent elongation of a target during bonding or film formation due to ther- 
mal hysteresis below 0.05 % based on the length of the target. Therefore, such a molding operation improves 
dimension stability of targets and solves problems which occur during sputtering such as racking or peeling of targets. 

Targets obtained according to the present invention can be recycled after use by pressing them together with a 
newly added powder of the same composition to compensate for their regional losses from consumption in the same 
manner as their production and are therefore economically advantageous. 

In the step for bonding a target and a backing plate, a target obtained according to the present invention can be 
bonded to a backing plate by pressing the target placed on the backing plate In the same manner as in its production 
without suffering heat of several hundreds •'C. which is employed in usual bonding processes. When an In foil is inter- 
posed between the backing plate and the target at the time of bonding, their bond becomes stronger. 

EXAMPLE 1 

A Sn powder (melting point 232°C) having a particle sizes distribution within a range of from 3 to 120 ism (average 
particle size 40jxm, hereinafter, an average particle size means the particle size at which the cumulative frequency frac- 
tion IS 50 vol%) as a powder of a low-melling metal and a SI powder (melting point UU-C) having a particle size dis- 
tribution within a range of from 3 to 1 20 \im (average particle size AO^im) has a powder of a high-melting substance were 
mixed in a V-type mixer so that Sn constituted 57 vol% of the resulting mixture (total weight 2 kg), and the mixture was 
loaded into a mokl for a uniaxial pressing machine and subjected to preliminary press molding under a pressure of 400 
kgf/cm . 

Then, the resulting preform was heated to 220^0. The heated preform was set In a mold preheated to the same 
temperature and subjected to uniaxial press molding under a pressure of 400 kgf/cm^. The resulting molded form had 
a bulk density of 4.9 g/cm^ and a relative density of 95 %. The dense molded form was made into, a target having a 
diameter of 6 inch. 

The resulting target was used in oxidation reactive sputtering to form a Sn-Si conposite oxide thin film. The thin film 
was a sufficiently oxidized thin film and transparent, and the Sn/Si ratio (atomic ratio) of the thin film was about the same 
as that of the target. The target was quite difficult to break, and no abnormal discharge occurred during the sputtering 
The target was cut into 1 cm cubes, ten of which were selected as samples to determine the composition distribu- 
tion by fluorescence X ray analysis and the density distribution by the Archimedes method. The results confirmed the 
highly uniform composition distribution and density distribution. 

EXAMPLE 2 

Sn-Si targets were prepared by using raw material powders having different compositions shown in Table 1 in the 
same manner as in Example 1 but without preliminary press moWing. at a molding temperature of 220«C under various 
molding pressures. Table 1 shows the compositions of the raw material powders, the pressures applied to produce tar- 
gets and the relative densities of the resulting targets. 

The targets were used in oxidation reactive sputtering to form Sn-Si composite oxide thin films. The thin films were 
sufficiently oxidized to thin films and transparent, and the Sn/Si ratios (atomic ratios) were about the same as those of 
the targets. The targets were quite difficult to breaK and no abnormal discharge occurred during the sputtering. 
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Table 1 
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Raw material powder 


Pressure 


Relative density 


Low-melting metal 


High-melting substance 






Sn (vol%) 


Si (vol%) 


(kgf/cm2) 


(%) 


15 


85 


400 


80 


20 


80 


400 


82 


30 


70 


400 


84 


35 


65 


400 


87 


40 


60 


400 


94 


50 


50 


400 


97 


70 


30 


350 


98 


90 


10 


350 


99 



EXAMPLES 
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m-Si targets were prepared by using raw material powders having different compositions shown in Table 2 in the 
same manner as in Example 1 but without preliminary press molding, at a molding temperature of 1 45X under various 
molding pressures The melting point of In is 156»C. Table 2 shows the compositions of the raw material powders the 
pressures applied to produce targets and relative densities of the resulting targets 

The targets were used in oxidation reactive sputtering to form In-Si composite oxide thin films. The resulting thin 
iT^r ^"f °f '^'"^ transparent, and the In/Si ratios (atomic ratios) of the thin f flms were about 

he same as those of the target. The targets were quite difficult to breaK and no abnormal discharge occurred during 
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Raw material powder 


Pressure 


Relative density 


Low-melting metal 


High-melting substance 






In (vol%) 


Si (vol%) 


(kgf/cm2) 


(%) 


15 


85 


400 


80 


20 


80 


400 


85 


30 


70 


400 


87 


35 


65 


350 


90 


40 


60 


350 


94 


50 


50 


350 


97 


70 


30 


350 


98 


90 


10 


300 1 


99 



EXAMPLE 4 



55 



Zn-Cr targets were prepared by using raw material powders having difference compositions shown in Table 3 in the 
same manner as Examp^ 1 but without preliminary press molding of the powder mixtures at a molding temperature of 
405 C under various molding pressures. The melting point of Zn is 420»C. and that of Cr is igoS-C. Table 3 shows the 
compositons o^ the raw material powders, the pressure applied to produce targets and the relative densities of 1h 
resulting targets. 

The targets were used in oxidation reactive sputtering to form Zn-Cr composite oxide thin films. The resulting thin 



S 



EP0 834 594 A1 



15 



20 



films were sufficiently oxidized thin films and transparent, and th 2n/Cr ratios (atomic ratios) were about the sam as 
those of the targets. The targets were quite difficult to break, no abnormal discharge occurred during the sputtering. 

Table 3 
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Raw material powder 


Pressure 


Relative density 


Low-melting metal 


High-melting substance 






Zn (vol%) 


Cr {vol%) 


(Kgr/cnr) 


(%) 


15 


85 


400 


80 


20 


80 


400 


82 


30 


70 


400 


84 


35 


65 


400 


87 


40 


60 


400 


94 


50 


50 


400 


97 


70 
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350 


98 


90 


10 


300 


99 



EXAMPLES 
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Sn-a targets were prepared by using the same raw material powder in the same manner as in Example 1 but with- 
ou^^prehrninary press molding of the powder mixture at a molding temperature of 220'C at a molding pressure of 400 
Kgtrcm . The resulting molded body was cut down to lOOxioOxlo mm. then heated at 220»C for 24 houre and cooled 
to room temperature. The dimensional change of the 100 mm long edge of the molded body caused by the heatlnq was 
determined, and its ratio was calculated, which was destinated as the coefficient of permanent expansion. The resuHs 
are shown in lable 4. 



COMPARATIVE EXAMPLE 1 



35 



A target was molded by using the same raw material powder as in Example 1 by isostatic pressing (rubber press- 
ing) at room temperature under a molding pressure of 3500 kgf/cm^ according to the method disclosed in Japanese 
Unexamined Patent Publication JP.A-4-323336. The resulting molded body was cut in the same manner as in Example 
5 and the coefficient of permanent expansion was measured. The results are shown in Table 4. 



40 



45 



50 



Table 4 





Raw material powder 


Tempera- 
ture (*'C) 


Pressure 
(kgf/cm2) 


Demenslon 


Coefficient 
of perma- 
















nent expan- 
sion (%) 




Sn 


Si 






Before heat- 
ing 


After heating 




Example 5 


57 


43 


220 


400 


100.00 


100.02 


0.02 


Comparative 
Example 1 


57 


43 


25 


3500 


100.00 


100.40 


0.40 
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Table 4 indicates that the targets obtained according to the present Invention has excellent dimension stability 
against heating and has an extremely small coefficient of permanent expansion. 

INDUSTRIAL APPLICABILITY 

The present invention provide dense composite targets composed of a high-melting substance and a low-melting 
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metal which are uniform and quite difficult to break and have porosities not higher than 10 %. 

Targets olJtained according to the present invention can be easily used to form alloy thin films and composite oxide 
nitride or carbide thin films by unreactive sputtering. 

Alloy targets obtained according to the present invention can also be used to formation of composite oxide nitride 
or caibide thin films by oxidation, nitrogenation or carbonigation reactive sputtering. 

Targets obtained according to the present invention can be recycled after use by pressing them together with a 
newly powder of the same composition to compensate for their regional losses from consumption In the same manner 
as their production and are therefor economically advantageous. 

In the step for bonding a target and a backing plate, a target obtained according to the present invention can be 
bonded to a backing plate by pressing the target placed on the backing plate in the same manner as in its production 
without suffering heat of several hundreds "C. which is employed in usual bonding processes. 

Claims 

'« 1 . A process for producing sputtering targets, which comprises molding a mixture of a powder of a high-melting sub- 
stance having a melting point of 900°C or above with a powder of a low-melting metal having a melting point of 
700»C or below at the a temperature below the melting point of the low-melting metal under heat and pressure. 

2. The process fbr producing sputtering targets according to Claim 1 . wherein the heating temperature is not lower 
than IS'C and lower than the melting point of the low-melting metal, and the pressure is not higher than 1000 
kgf/cm . 

3. The process for producing sputtering targets according to Claim 1 . wherein the heating temperature is lower than 
the melting point of the low-melting metal by at most 50»C, and the pressure Is not higher than 500 k^/ar^. 

4. The process for producing sputtering targets according to any one of Claims 1 to 3. wherein the mixture contains 
from 20 to 95 vol% of the powder of the low-melting metal. 

5. The process fbr producing sputtering targets accading to any one of Claims 1 to 4, wherein the powder of the high- 
30 melting substance is a powder of a simple body or a compound of at least one element selected from the grouo 

consisting of Zr.Ti Mo. W.Nbkl-a. a. Ni.C,B and Cr. 

6. The process fbr producing sputtering targets according to any one of Qaims 1 to 5. wherein the powder of the low- 
melting metal is a powder of at least one metal selected from the group consisting of In, Sn, Zn and Al. 

3S 



20 



25 



40 



45 



50 



55 



7 



EP0 834 594A1 




8 



EP0 834 594A1 



INTERNATIOIIAL SEARCH REPORT 



■ppUouiaDNo. 

PCT/JP96/01312 



I A. CLASSmCATION OF SUBJECT MATHBR 

Int. Cl^ C23C14/34 
I AocniJingip 



(IPQortobotfa aatioul dutiCciboo and IPC 



FIELDS SEARCHED 



Mia 



Int. 01^ C23C14/34 



Dm 



Jitsuyo . Shinan Koho 
Kokai Jxtsuyo Shinan Koho 

TorokU Jl tSUVO Shinan Knhr. 



Btkecgtoctkiimc* 



1926 - 1996 
1971 - 1996 
- 199^, 



•re iMiMded ia Ae fid* Mtfcied 



|C DOCUMENTTS CONSIDERED TO BE RELEVANT 



OiiBfory* 



atitiao of dacuiBeat. witk iodioitioii. what appropriate, of ite letevaat 



Relevant to datmNa 



JP^ 58-511, B (Sumitomo Electric Industries, 
Ltd. ) , 

January 6, 1983 (06. 01. 83) (Family: none) 

JP, 63-128141, A (Matsushita Electric Ind. Co., 
Ltd • ) , 

May 31, 1988 (31. 05. 88) (Family: none) 

JP, 4-323366, A (Asahi Glass Co., Ltd.), 
November 12, 1992 (12. II. 92) (Family: Acne) 



1-6 



1-6 



1-6 



[Q FwlharJoMwiMiuirelniedinilieoDotuiiatioocfBatC i~] SMpum&nay 



SpMhi oMtaiit* afcM 



ro doOTM (iMai ID aa «fil diKloni*. «M. v^ihMaa «r ote eoaaUand to iavoivt aa lawaliva ite 



'.^ iavoivt aa lawnlivt atep whaa ito rtiiiniii h 
coaniaad wbfcoaa or SMsa otherBBch docBMBttLaaca^wKMiln 
doowMalpalfifMpriortotetelMBataallU^tekMlMirtta fctia g oMoaitoaptwoaddaodiaiWait ^ ' 

tte priority datodritd -4- <ocaatataM»lweftt>M,ptimaafly 



Date of the actual oonpletiaa of the imaniatjooal aeaidi 
August 7, 1996 (07. 08. 96) 



Data of nailioi of the intenaiiooal aeaidi leport 

August 20, 1996 (20, 08. 96) 



Name and oiaiJiag additit of tbe ISA/ 

Japanese Patent Office 
FaoaamileNo. 



Atttfaotiaed olTioer 



TelepbooeNo. 



Fotm PCryiSA/210 (aeoood sheet) (July 1992) 



9 



